Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



lyi^aaiEi 




ilMlJ@Mi@ 




THE EFFECT OF DIET 
ON ENDURANCE 

By 

IRVING FISHER 

PR0PIS80R OP POLITICAL ICONOMY IN YALI UMIVIRSITY 

CHAIRMAN OP THI HYGIINI RIPKRKNCK BOARD OP 

THI UPK EXTENSION INSTITUTE 




pst(Q0jis9 






J - u ^ 









NEW HAVEN 
YALE UNIVERSITY PRESS 

LONDON: HUMPHREY MILFORD 
OXFORD UNIVERSITY PRESS 

MDCCCCXVIII 

V\cv 



COPYRIGHT, 1918, BY 
YALE UNIVERSITY PRESS 



Origixially published by the 

Connecticut Academy of Arts and Sciences. 

Revised edition first printed, September, 19x8. 



\ • :• 









k • 




E Gbeat Was has given a new and sudden impetus 
to the fast -growing interest in nutrition and has cre- 
ated, incidentally, a modest demand for the essay of 
which this little book is a slightly abbreviated reprint. 
Since the appearance of the original edition,^ long 
since out of print, many studies have been made tend- 
ing to justify its conclusions^ and none, so far as I 
know, tending to discredit them. 

'The Effect of Diet on Endurance," Publications of Yale 
iversity. Transactions of the Connecticut Academy of Atti 
Science!, Vol. Xiil, pp. 1-46, May, 1907. 
Besides the great ma^ of technical Uterature by physiolo- 
psts confirming the "low-piotein" idea, I may cite as review- 
ing and testing, in a practical way, the conclusions of this book : 
"The Effects of a High and Low Proteid Diet on Physical 
Efficiency" by Ehner Berry of the Springfield Y. M. C. A. 
Training School, American Physical Education Review, May, 
IQOQ. For an experiment in a financially economical diet, see 
also "Food" by Dr. Eugene L. Fisk of the Life Extension 
Institute, 1317. 

A decade ago there was little appreciation of the most ele- 
mentary facts and concepts of dietetics. Today we find the 
"calory" as a food unit referred to in popular speech and ad- 
vertisements of foods. Professor Lusk suggests that it would 
be advisable to sell food by the 100 calories as a means of pro- 
moting economy, — by showing clearly how much actual food 
value we can get for our money if expended for one food 
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I value we can get lor our money 11 expenaea tor one looa ^^_ 
nther than another. .^^H 
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vi PREFACE 

The coDclusions referred to amount practically to 
these: (i) in the ordinary American and Europe^ 
dietary there is too much protein food (such as meat 
and eggs); and (z) the needed reduction in protein 
can be almost instinctively accomplished through 
thorough mastication. 

The first of these conclusions was originally put for- 
ward by my colleague, Profe^or Chittendeo, Dean of 
the Sheffield Scientific School, whose work and stan- 
dards form the starting point for this little book. 
Since Professor Chittenden first presented^ his epoch- 
making low-protein idea it has won almost universal 
acceptance in theory although it required the shock of 
war to bring about a wide observance in practice. 

The Great War has compelled radical and varied 
changes in diet, the significance of many of which we 
do not yet know. In some cases under-nutrition, or 
even actual starvation, has, of course, resulted. In 
other cases, if we may judge from such reports as have 
so far come to hand, the enforced restrictions on diet 
have actually benefited the people. There seems much 
in all this war-experience to confirm the conclusions 
of this book. 

Following Europe, but as yet a long way behind, we 
in America are now, under Mr. Hoover's able leader- 
ship, called upon to economize in food. 

One of the great economies is the partial substi- 
tution of vegetable for animal food. Jordan and 

* "Physiological Economy in Nutritioo," 1504. 
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PREFACE vii 

others have shown that only from 3% to 18% of the 
food value is reclaimed by feeding animals and 
thereby transforming the foods eaten by them into 
flesh to be eaten by us. The remainder, 72% to 97%, 
is lost, although it must be remembered, of course, 
that much of this, such as garbage, is unfit for human 
consumption. The saving by direct consumption 
rather than feeding to animals is most significant in 
the case of grain. 

If the conclusions here stated are correct, this and 
the other economies required of us in America, instead 
of tlireatening to impair our national vitality, promise 
to increase it materially; for what we are asked to do 
amounts to giving up those food practices, such as the 
excessive use of meat, white bread and sugar, which 
-practices, though very common among ns, are con- 
ined by physiologists. 
It gives the author some satisfaction to feel that this 
little book, written long before the war and without 
any other thought than promoting sound ideas of 
healthful living, may do its bit toward the war-econ- 
romies now so sorely needed. 

Needless to say, the book is not intended to cover 

whole subject of diet, even from the point of view 

if a layman. It has little to say of the imprertance of 

ig some bard, some bulky, and some raw foods, of 

water drinking, of avoiding overweight and of 

[uent and thorough elimination of the food wastes 

the alimentary tract. 
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It aims merely to establish, so far as one experi- 
ment may, the surprising increase in muscular endiu:- 
ance to be gained through a reduction of protein to the 
Chittenden standard and to show how easily and nat- 
urally this may be reached by simply abandoning the 
vidous American habit of hurrying through oiu: meals. 

Irving Fisher. 
New Haven, August, 1918. 
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THE EFFECT OF DIET 
ON ENDURANCE 

INTRODUCTION 

There app>ears to be very little literature on the sub- 
ject of endurance. Since Ihe epoch-making work of 
Mosso, much has been written on fatigue, and many 
varieties of ergographs have been constructed to record 
muscular fatigue; but no systematic study of en- 
durance as such appears to have been made. Even 
the concept of endurance, as related to strength and 
fatigue, has been lacking. No correlations have been 
worked out between endurance and the factors upon 
.which it depends. 

The results of the experiment demonstrated so great 
increase of endurance as to seem at first incredible. 
It certainly was a surprise, both to the men and to me. 
But statistics which I have been collecting have pre- 
pared me to find great differences and changes in en- 
durance. The special result of the present experiment 
is to show that diet is an important factor in producing 
such alterations. The fact that endurance, even among 

irsons free from disease, is one of the most variable 
human faculties — far more variable than strength, 

ir instance — is evident to any one who has made even 

superficial examination. Some persons are tired by 
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d*"it™g z gj^iE of staiis, wfaereas the Swiss goid^ J 
thr uu g fa oal the smmiier season, da.7 ^ha day sp 
th^ ^i i rir p tinx ia dimbiiig the MattoiiDni and oAb 1 
pc^s; some p^sons are "wimled'' by naniiiig a block 
for a street car, -wbtatas a Oitnese cooUe will na far 
boms on end; in mental work, some pesons are 
tmaMe to apply themselves nxxe than an luar at 
a tirae, wii»^as others, like Humboldt, can work 
almost antmoously through ei^teen hours of the day. 
g statistics gathered indepoidsitly of the present 
I baw foond measurable differences 
bettices persons far greater than any change of endur- 
ance oi the subject of the present experiment.* 
Amoag some 50 tests of diSerent persons holdiDg tbeir 
arms horizontally, many we found wbose arms 
actually dropped against their wiU inside of ten 
minutes, whereas several were able to bold them t^ 
over an hour, and one man held tbem 3 hours and 20 
minutes, or a round 200 minutes, and thai dro^^ied 
tbem voluntarily. Similarly with deep knee-bending, 
some persons were found phj-sically unable to rise 
again from the stooping posture after accomplishing 
less than 500 beodings, whereas several succeeded in 
stooping 1000 times, and in one case, 2400. Again 
in leg-raising, the legs positively refused to rise to the 
vertical in some cases before 40 times were reached, 



* For an account 0! a 


ome of these sUlistics, see "The in- 


Suence of Soh-eating 01 


1 endurance," Tak Medical Journal, 'J 


March, 1907. 


1 



1 



ON ENDURANCE 3 

whereas in two cases this motion was performed i ,000 
times or over. On the new ergograph mentioned below, 
among the 16 preliminary tests there was a range in 
endurance between different persons from 18 to looo, 
and in the same person at different times from 29 ^H 

It is, to say the least, remarkable that hitherto so ^^| 
little effort has been directed toward discovering the 
factors which explain such differences in endurance. 
That exercise is one of the most and perhaps the most 
important factor has alone been recognized. A corre- 
spondent assures me that by means of moderate 
regular exercise he succeeded in increasing his endur- 
ance between 100 and aoo^fc in three weeks as meas- 
ured by leg-raising and "dipping." The influence of 
diet has always been regarded as small or negligible, 
and the opinion has been almost universal, until re- 
cently, that a diet rich in protein promotes endurance. 
Even among those whose researches have led them 
to the opposite conclusion, there is very little concep- 
tion of the extent to which diet is correlated with 
endurance. Such a person, a medical friend of the 
writer, stated, when the present experiment was 
planned, that he did not think the dietetic factor strong 
enough compared with others to produce any marked 
effect. We have all heard, of course, of the enthusi- 
astic reports of vegetarians as to their increased endur- 

Ebut these we have discounted as exaggerations. ^^ 
result of the present experiment, however, would ^^M 
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seem to indicate that one's improvement in endurance 
is usually not less, but greater, than be himself is 
aware of. Probably it is also true that we may lose a 
large fraction of our working power before we are 
distinctly conscious of the fact. 

The present experiment had a somewhat accidental 
origin. I was engaged in collecting statistics of labor- 
power in relation to various factors, among them 
especially diet. The data were collected because of 
their economic bearings and without any intention at 
first of making independent experiments. But some 
of my students, whom I had engaged to make compu- 
tations and diagrams, became interested in the mate- 
rial with which they thus came in contact, and 
expressed a strong desire to try dietetic experiments 
upon themselves. Not being a physiologist, I asked 
Professor Chittenden if he could not take charge of 
these experiments for them. It so happened that on 
account of other similar work he was unable to do so, 
but suggested that I should conduct them myself. I 
have done so with considerable hesitation, not being 
equipped for physiologic studies. I have therefore 
restricted my attention to the simpler practical aspects 
of the problem, although some of the technical points 
have been investigated through the very kind coopera- 
tion of able colleagues. My thanks are especially due 
to Professor Chittenden and his co-workers, Professor 
Mendel and Dr. Underbill, for the aid rendered by the 
Sheffield Scientific School Laboratory in determining 
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the nitrogen excreted, and for much helpful advice 
and criticism. I wish also to express my obligations 
to Dr. J. P. C. Foster for his services as medical 
adviser to the students; to Dr. W. G, Anderson, Di- 
rector of the Yale Gymnasium, and his corps of assist- 
ants, through whom the endurance tests were con- 
ducted; to Prof. L. F. Rettger for fecal tests; and to 
the subjects of the experiment themselves, Messrs. 
Bauer, Edwards, Lagerquist, Lawtoo, Mitke, Par- 
melee, Reeds, Taylor, and Weyman, whose patient 
submission to the painful tests of endurance was little 
short of heroic. 

In January, 1906, the students above mentioned 
organized themselves into an eating club. The experi- 
ment began with an endurance test on January 14, 
and consisted of two main parts, each of which lasted 
about ten weeks. 

The object of the first half of the experiment was to 
test the claims which had been made by Mr. Horace 
Fletcher, as to the effects upon endurance of thorough 
mastication combined with implicit obedience to appe- 
tite. Our conclusion in brief is that Mr. Fletcher's 
claims, so far as they relate to endurance, are justified, 

Mr. Fletcher's method may be briefly expressed in 
two rules. 

I. Mastication: Thorough mastication of all food 
up to the point of involuntary swallowing, with the 
attention directed, however, not on the mechanical 
act of chewing, but on the tasting and enjoyment of 
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THE EFFECT OF DIET 
^f^ the food; liquid foods to be sipped and tasted, 

drunk down like water. There should be no artificial 
holding of food in the mouth beyond the time of 
natural swallowing, even if, as is to be expected at the 
start, that swallowing is premature. It is not intended 
to "count the chews," or hold the food forcibly in the 
front of the mouth, or allow the tongue muscles to 
become fatigued by any unnatural effort or position, 
or in any other way to make eating a bore. On the 
contrary, every such effort distracts one from the 
natural enjoyment of food. Pavlov has shown that * 
without such attention and enjoyment of the taste of J 
food, the secretion of gastric Juice is lessened. The 
point of involuntary swallowing is thus a variable 
[Xiint, gradually coming later and later as the practice 
of thorough mastication proceeds, until the result is 
reached that the food remains in the mouth without 
effort and becomes practically tasteless. Thus the 
food, so to speak, swallows itself, and the person eats 
without thought either of swallowing or of not swal- 
lowing it; swallowing is put into the same category 
of physiological functions as breathing, which ordi- 
narily is involuntary, 

2. Following instinct: Never to eat when : 

hungry, even if a meal (or more than one, for that ^ 

matter) is skipped; and when a meal is taken, not to 

be guided by the quantity of food offered, or by past 

habit, or by any theories as to the amount of food , 

The natural taste or appetite is alone con-J 



^n naoit, or 
H^ ^needed. 
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ON ENDURANCE 7 

suited, and the subject selects, from the food available, 
only those kinds and amounts which are actually- 
craved by the appetite. After practice, the appetite 
gradually becomes more definite and discriminating 
in its indications. 

These two rules — thorough mastication and implicit 
obedience to appetite — ^were alone employed during 
the ten weeks which constituted the first half of the 
experiment. 

The second half of the experiment lasted about nine 
weeks. The same two rules which were employed 
during the first half were continued during the second, 
but a third rule was added. This was the use of 
suggestion, as follows: 

3. When instinct is in doubt, use reason. This 
rule consists of acquiring and applying a little knowl- 
edge of foods and food elements. For this piupose, 
in the present experiment, two lists of food were given. 
One was arranged in a tentative order of merit, tiegin- 
ning with fruits and ending with alcohol, and the other 
in the order of the proportion of protein. The men 
were then asked, when and only when the appetite 
was entirely willing, to choose the better foods and the 
low-protein foods in preference to those high in pro- 
tein. In this way the men gradually shifted their diet 
upward in the two lists, and thereby pursued a little 
faster the same direction in which they had ahready 
been found to be unconsciously moving under the 
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THE EFFECT OF DIET 
influence of thorough mastication and implicit obedi- 
ence to app>etite. 

It would too greatly lengthen this report if any 
attempt were made to repeat in detail all the specific 
advice given to the experimenters under Rule 3. What 
has been said covers in a general way all the points 
except the advice (subject always to the consent of 
appetite) to eat light and quickly digested suppers. 

Careful record of the amounts of food eaten and 
the constituents of protein, fat and carbohydrate was 
kept for each man each day, certain days being 
omitted if for any reason the record was incomplete, 
as when, for instance, the men were out of town or 
took their meals away from the club. To avoid weigh- 
ing at the table, the food was all weighed in the 
kitchen and served in "standard portions" of 100 
calories each, or simple fractions or multiples thereof, 
and the men merely recorded the number of portions 
eaten. The proportions of protein, fat and carbohy- 
drate were found by means of the writer's "Mechanical 
Diet Indicator. "= Atwater and Bryant's tables were 
used as a basis for calculation. For the first few weeks 
the figures were probably subject to some errors, and 
in all cases more or less guessing bad to be practiced 

' For a description of this instrument, see the writer's "A 
New Method of Indicating Food Values," American Journal 
of Physiology, April, 1906. For a. description of its practical 
uses, see "A Graphic Method in Practical Dietetics,'' Jour, of 
the Amer. Med. Assoc, Apr. 10, 1907. 
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ON ENDURANCE 9 

with reference to the amount of lean and fat of meats; 
but the influence of any errors on the results must 
necessarily be small, because meat supplied, at the 
highest, only a small fraction of the total calories. It 
is believed that the results are, in general, correct to 
two significant figures. 

For the first two weeks of the first half of the experi- 
ment, the men ate in their ordinary way. During the 
following eight weeks they masticated more thor- 
oughly and followed the leadings of taste more care- 
fully. Most persons, while nominally following taste, 
are largely controlled in their selection of foods by 
many other circumstances, — as, conventionality, or 
the desire to eat what others eat and the unwillingness 
to appear "different"; politeness, the desire to please 
one's host and hostess; food notions, the opinion that 
certain foods and certain amounts of food are "whole- 
some" even if not palatable and that certain foods 
should be avoided as injurious even if delicious to the 
taste; narronmess of choice, as at a boarding house 
table, which often supplies what is not wanted and 
withholds what is; and habit, by which the particular 
kinds and amounts of foods which have become cus- 
tomary through the previous causes — conventionality, 
politeness, food notions, and narrowness of choice — 
are repeated day after day without thought. The 
subjects of the present study were given a wide range 
of choice, the menu including fruits, nuts, cereals, 
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podding and pastiy, vegtiablts, milk, meals, etc 

Heat if desiitd ms available tbee times a day. 

Tlie object of tbe fip t riuwi U was to bud what 
effects on diet and endurance mwki f<rilow from a 
strict obedience to tbe taste-instinct, wben this instinct 
iras given a longo' chance to act by prolonged masti- 
cation and attenti\-e tasting. Each man was therefore 
encouraged to choose his own food out of the menu 
for the day. Xothing was set before him until it was 
ordered, and e\en after a food was ordered it was not 
eaten if taste did not so dictate. Tbe men were 
^jecially warned, during the first half of the experi- 
ment, against any conscious effort to decrease their 
food, protein, or meat; and while it is possible that 
subconscious suggestion played a part, so far as could 
be observed they were freer from its influence than 
any ordinary experimenter who might take up the 
same experiment after reading Mr. Fletcher's or Pro- 
fessor Chittenden's books. 

That this conclusion as to the relative absence of 
subconscious suggestion is correct was evidenced by 
the experiences both before and after this part of the 
experiment. For a month prior to its actual begin- 
ning (Jan. 14), the experiment had been fully decided 
upon, and its plan and scope understood by the men. 
Had subconscious suggestion played an important role, 
it would probably have shown itself in a reduction 
of protein during this month; but determinations of 
the grams of nitrogen daily excreted in the urine. 
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le beginning and end of this month, indi- 
cated no substantial change, as the following table 
shows. (M. does not appear in this table, owing to 
the absence of any specimen for December.) 



12.7 14.3 



TABLE I. 

Middle December 

Lw P R T WAv 

12.3 11.3 13.9 14.2 15.9 

Middle January 
14.3 11.1 14.8 



1Z.2 15.4 13.1 



On the other hand, during the second half of the 
experiment (Mar. 28-June i), when the force of sug- 
gestion was consciously introduced, the reduction of 
flesh and protein went on rapidly, as is seen in Table 
II. 

The facts, therefore, seem to show that the men fol- 
lowed directions closely, avoiding largely the influence 
of subconscious suggestion and following that of con- 
scious suggestion in exact accordance with the direc- 
^ons given them. 



^™^ I 
no 
littl 

Iie other h 



CHANGES IN DIET 

During the first two weeks of the first period when 

BO change of habits was undertaken, the food showed 

little tendency to change in amount or in kinds. On 

r hand, for the remaining eight weeks, during 

thorough mastication and instinctive eating 
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were practiced, there was a. distinct though gradual t 
tendency toward reduction in the amount of food, in 
the quantity of protein, in the quantity of flesh foods. 
Exact figures were kept for calories, protein and flesh 
foods. These showed that the total calories gradually 
fell about io%, the proteins, isfo, and the flesh foods, 
40%. 

In the second period, during which the force of sug- 
gestion to reduce protein and flesh foods was added, 
the same effects were noted in a still greater degree. 
During this period the calories dropped nearly 20%, 
the protein over 25%, and the flesh foods about 70^. 
By comparing the diet at the close of the entire five 
months of the experiment with the diet at its begin- ' 
ning, it was found that the total calories had fallen 
about 25%, the protein about 40%, and the flesh 
foods over Bofo, or to about one-sixth of their original 
amount. A part of the reduction, at least of the 
calories, is probably due to the change in season, as 
the experiment began in cold weather and dosed in 
hot weather. 

These results are shown in the following table: 
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^^PXVERAGE DIETETIC RECORDS OF ENTIRE CLUB j^Q 


^^H Avenuie 


Calorira 


V*iiy ,^H 


^^■l 




portiocB'' ^^H 


^^^ Avarasc 'portions" 


p«%"o1 


at fl«Bh ^H 


^^H Week velght daily 


bodywt.' 


food. ^H 




Jan. 17-23 149.8 28.3 


2.7 


2.4 -^B 




24-30 30.3 


2.6 


2.1 ^B 




31-Feb. 6 27.8 


2.5 


1.6 '^B 




Feb. 7-13 27.6 


2.4 


1.2 


1st 


1+-20 25.8 


2.1 


.9 


Period 


21-27 26.4 


2.2 


1.1 




28-Mar. 6 23.3 


2.2 


.^H 


^^^k 


Mar. 7-13 24.6 


2.1 


1.3 « 


^^H 


14-20 2S.9 


2.2 


1.1 ■ 


^^K 


21-27 148 26.7 


2.2 


1.4 H 


^^m 


28-Apr. 3 26.7 


2.1 


■' ■ 


^^^H 


Apr. 4-10 25.7 


1.9 


.5 H 


^^^v 


11-17' 27.3 


1.7 


* H 


^^^B 


20-26' 26.1 


1.7 


-' H 


^■zd 


27-May 3 25.5 


1.9 


.5 H 


^^Bferiod 


May 4-10 25.7 


1.9 


'' H 




11-17 26.2 


1.9 


■^ H 


^^H 


18-24 24.9 


1,7 


-' B 


^^^H 


25-31 22.2 


1.4 


■^ H 


^^m 


Jfne 144 




■ 


^^^M Remembering that a "portion" is 


loo calories, we ^^H 


^^Hee that, during the first four weeks, the men consumed ]^H 


^^^^ * Each "portion" being loo calories. 




^^H 


'This column is calculated throughout 


on the basis of the ^H 






^H 


1 8 Except E., M. and P. 




:S 


^^^K * Except E. The last two days of the Easter reces 


s,Apr. la, ^m 


^^■t) are omitted in this table. 
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an average of from 2760 to 3030 calories per day, oi 
which 120 to 240 were in the flesh foods, such as 
meats, poultry, fish and shellfish, and that 2.4 to 2.7 
calories of protein were ingested for each f>ound of 
body- weight. Translating Professor Chittenden's 
figures for the physiological requirement of ingested 
protein, we find it to be from 1.3 to 1.7 calories per 
pound of body-weight. Thus the men were at this 
time consuming nearly double the Chittenden allow- 
ance. During the last four weeks of the experiment 
all these magnitudes were lower. The per capita 
calories ranged from 2220 to 2620, of which only 40 
were in flesh foods, and the protein had fallen to 1.4 
to 1.9 calories per pound of body-weight, which corre- 
sponds closely to the Chittenden standard. 

Although the protein used at the beginning of the. 
experiment varied greatly among the nine men, 
the end of the experiment it was reduced to a fairlyj 
uniform level for all the men. Moreover, the proteio- 
at the end corresponds closely with the results ot' 
Professor Chittenden's experiments. This seems espe-1 
cially significant in view of the fact that this level 
reached unconsciously — for only one of the men, Lq. 
who used the mechanical diet indicator for the entii 
club, knew regularly the exact character of each man's 
food proportions — and without any food prescription 
such as was employed in the experiments of Professor 
Chittenden. This may mean that there is a simple 
way of reducing protdn to the level of "physiolopi 
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ON ENDURANCE 15 

kconomy," open to the ordinary man, without the 
necessity of special knowledge of foods and without 
the necessity of weighing and measuring food, either 
by the subject himself or by others. 

Aside from the changes in protein, the proportions 
of food elements did not change greatly through the 
period of the experiment, the percentages of fat and 
carbohydrate in the total fuel value remaining very 
nearly constant. At the dose of the experiment it was 
foimd that, for all of the men, the protein in propor- 
tion to the total fuel value was very nearly lofo, hav- 
ing been reduced from an average of about 14%. 
This reduction in the percentage of protein was almost 
entirely offset by the increase in the percentage of 
fat, which rose from about 30% to about 33% on 
the average. The percentage of carbohydrate thus, 
remained almost constant. Individual variations were 
much less than might have been expected. The pro- 
tein at the close of the experiment among the different 
subjects deviated very little from 10% ; the proportion 
of fat varied from 28 to 36%, and the carbohydrate 
from 51 to 6z%. 

The results of the experiment may throw some light 
on the problem of the proper amount of food and food 

Istituents for healthy men eating in a natural man- 
. For the five men, Lq., Lw., M., R. and W., whose 
ghts showed the least tendency to fall and whose 
rage weight at the close of the experiment 
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of which icyfo was protein, a% fat, and 56.$fo 
carbohydrate. The number of calories agrees closely 
with the estimates (for sedentary persons) of Atwater 
and Benedict by means of the calorimeter. 

During the first period all except E. and Lw. re- 
duced their consumption of flesh foods considerably. 
It is noteworthy, as Tables IV-VI will show, that 
these two were the men whose improvements in endur- 
ance were probably among the least during this period. 

During the second period Lq., W., P. and B. vir- 
tually abandoned flesh foods entirely, the "portions" 
consimied daily averaging nearer zero than .i. These 
men improved greatly in endurance also. On the other 
hand, E., Lw., M. and R. reduced their flesh foods the 
least, and their ranking in respect to increased endur- 
ance was in general relatively low. 

EXCRETIONS; STRENGTH 

The following Is a table of nitrogen excreted in the 

urine, It will be seen that the reduction in nitrogen 

daily excreted corresponds in general to the reduction 

in protein consumed. 
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TABLE III. 

GRAMS OF NITROGEN EXCRETED DAILY'" 
Middle January 



E Lq Lw 

10.4 12.7 14.3 14.3 



11.1 14.f 



12.2 15.4 



I 



6.6 14.7 9.2 



First April 
11.1 .... 6.3 11.6 

Middle June 
.... 13.7 6.1 .... 



N. in middle June per kilog. of body-weight 



TMs table shows that all the men excepting E. and 
M. greatly reduced their nitrogen excretion during 
the esperiment, and that at the close (with the two 
exceptions noted) the men were on about the same 
nitrogen level as the subjects of Professor Chittenden's 
experiment, namely, near one- tenth of a gram of nitro- 
gen per kilogram of body-weight. 

Through the kindness of Francis G. Benedict, now 
director of the Carnegie Nutrition Laboratory, nitro- 
gen analyses were made in December, 1906, six 
months after the close of the experiment, to discover 
to what extent the men had adhered to their newly 
acquired diet after the eating club in which it had been 
practiced was disbanded. The results were B. ii.o, 



ii'Each figure is obtained by averagiiig 2 
days' spedmens, 

11 Jan. 23 and Feb. 1 



r 3 consecutive 
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Lq. 10.5, Lw. 7.9, M. 9.9, P. 6.8, 



1-5, 



I, W. 



i 



These show that half of the men had reverted to 
some extent toward their original diets. The men 
state that the reason for this reversion was the diffi- 
culty in selecting food differing greatly in kind and 
amount from that customarily served at their board- 
ing houses. 

Gymnasium tests were made at the beginningj mid- 
die and end of the experiment. These tests were of 
two Idnds, — tests of strength and tests of endurance. 
The times of the tests were widely separated, partly 
because those of endurance were too exhausting to be 
often repeated, and partly because it was desired to 
avoid the influence of "practice"; for not only does 
practice increase strength and endurance, but it also 
gives the users of the strength-registering apparatus a 
facility or "knack" in manipulating it which produces 
a false appearance of improvement. 

The dates of the three tests were January 14, a 
week after the end of the Christmas vacation; March 
28, just before the Easter recess; and June 16,'" just i 
before the summer vacation. 

During the first period there was a slight increase J 
in strength (from an average "total" strength of 1076 J 
to iirS), and during the second period a slight fall j 
to 99Sj which is about 12% from the mid-year's 1118^! 
and about 8% from the original 1076. Thus thff| 

12 But May 31 for E., Lw., R. and W., on account of ei 
examinations than the others, necessity to leave town, eti 
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^strength of the men remained nearly stationary • 
throughout the experiment. 

CHANGES IN PHYSICAL ENDURANCE 

It is fortunate that the strength of the men re- 
mained so nearly stationary; for it demonstrates the 
more dearly that the increase in endurance which will 
be shown below was an increase in endurance per se, 
and not in any degree due to an increase in strength. 
Strength and endurance are entirely distinct and 
should be separately measured. The strength of a 
muscle is measured by the utmost force which it can 
exert once; its endurance, by the number of times it 
can repeat a given exertion well witkin its strength. i 

After much consideration and consultation it was ' 
decided not to place reliance on the ordinary ergo- 

iphs as a means of measuring endurance.^' Instead 

sns, in brief, were (i) because these ergographs 
ue adapted to testing only a few unimportact, and for the 
most part unused, muscles; (i) because, in operating these 
devices, the subjects do not simulate real work, since the mus- 
cles are placed in an awkward and unnatural position in which 
"no purchase" is felt; {3) because experience has shown that 
subjects waste their effort by eipending it not only while rais- 
ing but while lowering the weight, and that this waste during 
the period of rela:tation varies greatly with different subjects; 
because a fixed weight is used instead of a weight propor- 
: to the different strengths of the various subjects. One 
as well attempt to test the walking poweis of a woman 
thing 100 lbs., as compared with those of a man weighing 
lbs., by cotApelling the womaji to carry a 100-lb. weight I 
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simple gymiiastic tests of physical endurance were 4 

employed: 

( I ) Rising on the toes as many times as possible. 

(3) Deep knee-bending, or squatting as far as posd- 
ble and rising to the standing posture, repeat- 
ing as often as possible. 

(3) While lying on the back, raising the legs from 

the floor to a vertical position and lowering 
them again, repeating to the point of physical 
exhaustion. 

(4) Raising a 5-lb. dumb-bell (with the triceps) in 

each hand from the shoulder up to the highest 
point above the head, repeating to the point 
of physical exhaustion. 

(5) Holding the arms from the sides horizontally for 

as long a time as possible, 

(6) Raising a dumb-bel) (with the biceps) in one 

hand from a position in which the arm hangs 
down, up to the shoulder and lowering it 
again, repeating the motion to the point of 
phjrstcal exhaustion. This test was taken 
with a sO'lb. and then with a 25-lb. dumb- 
so that she might walk with the same weight as the man. 
Some of these objections have been met in special instruments, 
Buch as that of Prof. W, S. Hall of Northwestern University. 
After the experiment was half over, and too late to make 
use of it, the writer devised an ergograph which, it is believed, 
meets all of the above objections. He was led to do so by the 
fact that the tests employed were so frightfully exhausting to 
the men. 
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bell. (The records of the test with the 50-lb. 
dumb-bell are omitted in Table IV, being 
considered separately below.) 
; following table (IV) shows the results of the 
three sets of tests in January, March and June.^' 

1* The order in which the tests were taken was not the same 
for all of the nine men, owing to the lade of a sufficient num- 
ber of gymnasium assistants in taking the tesU. But care was 
taken that each man should himself preserve the same order 
in all three series of tests. Thus, for the March series he took 
the first two or three tests which he had taken in January. 
This erplains why, in the March series, the tests as shown in 
the tables are not the same for all the men. The order of the 
January and June tests foe the different men is given below. 
The tests which were taken in March are in italics. 
I 1 3 i S 
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ble will repay careful study. From it we see 

that with one exception (E.) ail of the men had im- 
proved in the March and June tests as compared with 
the January tests, and the eight men who did improve 
showed improvement in every test, except Lq., Lw. 
and T., who showed slight falling off in individual 

As inspection will show, some of the increases are 
remarkable. The recorded increases in the 60-odd 
cases were, with a few exceptions noted below, all true 
increases and not due to increased effort to break a 
previous record. In anticipation of such possible effect 
of ambition, the men were urged in the January tests 
to the utmost limit they could or would stand. The 
original intention had been to work each muscle tested 
until it was physically unable to repeat the motion, 
but this was not usually found practicable, except in 
tests 3, 4 and 6, and in some cases 2. In the other 
tests the will gave out before the muscles. The March 
and June tests were so managed that when a man had 
surpassed his January record he was not allowed to 
proceed beyond the degree of fatigue which he had 
reached in the first test. This was usually not a 
difficult matter, as the fatigue in January had heen 
difficult matter, as the fatigue in January had been 
excessive and the men had no desire to suffer again 
the painful after-effects. Hence, with the exceptions 
to be noted, the March and June records not only 
exceeded those of January, but were accomplished 
with much less fatigue. The actual improvement was 
therefore greater than the recorded improvement. 
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CRITICISM OF RECORDS OF PHYSICAL 
ENDURANCE 

That the fatigue after the March and June testa 
was in general much less than after the January test 
was made evident by three substantial proofs. The 
first was the feelings of the men themselves as recorded 
in the footnotes to Table IV, After the March and 
June testa, every man of the eight who showed im- 
provement felt "not tired," or "less tired than in 
January tests," which is the same as saying "not ex- 
hausted"; or else he had gone "to limit" as in January, 
which means that the muscle itself was unable to 
repeat the exertion required. The last was usually true 
of the "leg-raising," "raising s-lb. dumb-bell (triceps)" 
and "raising 25-lb. dumb-bell (biceps)." The only 
tests in which there was the possibility of being mis- 
taken as to the degree of fatigue were the "rising on 
toes" and "holding arms horizontal." In the former 
fatigue comes so slowly, and in the latter the pain is 
so intense that they prove to be tests of will power or 
"grit" quite as much as of muscle power. In these 
cases the men had some difficulty in remembering the 
original degree of fatigue. But the increases were so 
great and the men were so positive as to their feelings 
that there remains little room to doubt the substantial 
correctness of the results. In a few other individual 
cases, as of Lw. and Lq., whose records in test 
sometimes stopped by cramps, there is some room for 
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loubt as to the correctness of the recorded improve- 
ment. 

The second proof that the fatigue of the men in the 
June tests was less than that in the January tests 
was found in the fact that the stiffness and soreness 
which followed in June were markedly less than in 
January and of much shorter duration. This was true 
of all the eight men who showed improvement, except 
R. 

The third proof of less fatigue in June than in Jan- 
uary for the eight men is that in June the men finished 
the ordea! of the endurance tests with more strength 
left than in January, although they began the two tests 
with slightly less strength. The fact that they had 
more strength left after the June test is made evident 
by the first part of test 6, given below, which in each 
case came after the endurance tests were nearly or 
quite finished. This consisted in lifting a 50-lb. dumb- 
bell. The weight being so great, this was practically 
a test of strength rather than of endurance. Now all 
of the eight men who showed improvement in the 
endurance tests of Table IV, showed improvement in 
h test also, as the following table shows: 



i strength K 
1 
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LIFTING (by biceps) 50-lb. DUMB-BELL'= 
January 



V 



QM 



gSl 13?! 12* 1CF< 
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But, as has been said, the strength tests taken before 
the endurance tests showed a slight falling off in June 
as compared with January for all but one (Lq.) of 
these eight men. In other words, in June the men 
began their endurance tests weaker than in January, 
but finished them stronger. The larger residuum of 
strength left after the June tests as compared with the 
January tests indicates that the June tests, in spite of 
being far more severe, fatigued the men less. 

The so-Ib. dumb-bell test resolved the last doubts 
in my own mind whether, for some of the men, the 
recorded results might not exaggerate the true im- 
provement. The two men of whose records I should 
have felt a little doubt were B. and R. Both of them 
came to the June test after prolonged mental exertion, 
and their exhaustion at the end was far more evident 

^'Thfa part of test 6, being one of strength rather than of 
endurance, was not included in the endurance Table IV. Had 
it been included it would have increased even mote the per- 
centage of improvement shown, for it shows an average increase 
from 24 to S.4, or 250%. 

" Not to limit. 

=* To limit of muscle's capacity. 
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than that of any of the others. That it was great is 
clear from their own statements given below, though 
only R. reported himself as having been about as stiff 
and sore after the June as after the January tests. 
But both B. and R., whereas they had less strength 
before the June endurance tests than before the Jan- 
uary tests, had more strength left (Table V) after the 
June tests than after the January teats. At the close 
of the January tests they were so exhausted that B. 
could not raise the 50-lb. dumb-hell at all and R. could 
raise it only 4 times. Had their exhaustion after the 
June tests been as great, it seems certain that B. 
would still have been unable to raise it, and R. would 
have been luiable to raise it more than 4 times; but 
as it was, B. raised it once and R. 10 times. 

The value of such a positive proof that the June 
tests were more easily endured than those of January 
was not perceived until the figures were analyzed. 
Had it occurred to me in time, all the strength tests 
taken before the endurance tests would have been 
repeated after them. It is true that the strength tests 
at the beginning were not of the same muscles as those 
(the biceps) used in the strength test by dumb-bells 
at the end, but the strengths of different muscles for 
the most part vary in unison with each other,^" 

It is significant that the only man whose strength, 

25 Out of the 108 comparisons ot strength (i.e., compari- 
sons for each of nine men in each of four tests for January 
vs. March, March vs. June, and January vs. June), only 20 
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as shown by the above table, was less at the dose of 
the June experiment than at the close of the Januaty 
experiment was E., who was also the only man whose 
endurance showed any reduction. The facts, there- 
fore, in his case are not discordant with those already 
stated; for E. was the least assiduous in conforming to 
the conditions of the experiment. This was often re- 
marked, both to him and to me, by the other members 
of the club, and it was suggested more than once that 
I should "nudge" him. But, as I had been desiring 
a "control," or a subject in which all the conditions 
except mastication were the same as for the other men, 
I decided to say nothing. The result was instructive, 
for E.'s case stood out as exceptional in almost all 
respects. His reduction in quantity of food, except 
for a spurt at the end, was less than of most of the 
men; his reduction in protein, with the same excep- 
tion, was the least of all; his reduction in quantity 
of flesh foods was the least of all; his nitrogen in 
June (Table III) was one of the highest; his reductioa ■ 
in volume of urine was one of the lowest two; hia \ 
improvement in the fecal tests was third to lowest; 
his loss of strength was second greatest; and as to 
endurance, he was the only one who failed to show 
improvement. 

are discordant with the eeneral trends as shown by the totals. 
Tlius, for B. the general trend between March and June as 
shown by the total was downward, and this downward trend 
b found in all but one of his four testa, the discordant case 
being the "back lift." 
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PERSONAL IMPRESSIONS AT END 
OF EXPERIMENT 

The men kept diaries in which are recorded their 
sufferings after the various tests. These show a de- 
cided lessening in stiffness and soreness in the later 
tests, though in the June tests the men had generally 
done double the amount of work that they had done 
in January. It would have been a physical impossi- 
bility to do as much in January as was easily accom- 
plished in June in tests 3, 4 and 6; and granted that 
it had been even possible in January to goad the men 
to do as much in tests r, 2 and s as they did without 
urging in June, they must certainly have been ill. 

As to illness, in the course of the experiment there 
were the usual winter colds, though apparent]y these 
were less common than before. One man had grip 
for a few days, another the mumps, and several had 
constipation. In general, the men expressed them- 
selves as better than usual and in some cases they were 
very enthusiastic. 

The following extract from the diary of B. is, I 
think, typical of the facts in this respect to general 
health: "Have now, March 23, slight sore throat. In 
regard to colds, I have been troubled less this year 
than at any time for years; but this fact may be due 
to great change in climate, Nebraska to Connecticut. 
Have usually had colds more or less all winter; there- 
fore my freedom has been indeed remarkable. From 
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September last till the beginning of the experiment I I 
experienced frequent attacks of indigestion, 'heart- 
bum.' Have been almost free from that, though t\yo 
or three times I had the same experience after eating 



The following are further statements from the men: 
(B.) I was very sore [after the June test, Satur- 
day, June i6, 1906]. However, I think the soreness 
was not so severe or lasting as it was after the Jan- 
uary test. After the earlier test the calf muscles were 
hard and knotted for several days; but this time, 
while they were sore, they were almost normally soft. 
Saturday evening when I went to bed they were quite 
hard, but Sunday morning they were normal and prac- 
tically remained so. 

I have no doubt that in my case there was great 
increase in endurance, though I think that I lost in 
amount of energy that I could exert at any given mo- 
ment. This loss is due perhaps to two things: (i) I 
took, on the whole, less exercise than during the time 
preceding the January test; (2) I had been working 
quite hard for three months steadily, while the Jan- 
nary test followed a three weeks' vacation during 
which I did little or nothing. As to increase of endur- 
ance there can he no doubt. For example, in the deep 
knee-bending, I began to get tired at 50 and had no 
idea of going above 100. When I reached this I set 
my goal at 125, then 150, 160, and was able to reach 
aoo before I was exhausted. In January, after I was 
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I was not able to go on very long before I I 
came completely exhausted. This shows increased en- 
durance. I had the same experience in the other hard 
physical tests. Considering everything, I have no ^^ 
doubt that I was able to hang on much longer, after ^^H 
I began to get tired, than in January. ~4^H 

I am at a loss to ascribe the increased endurance ^B 
to anything else than to the diet. My way of living 
otherwise continued about the same after the January 
test as it was before. Personally I am convinced that 
the increased endurance must be due to diet and man- 
ner of eating; all other factors that I can think of are 
unfavorable rather than favorable to more endurance, 

(E.) All effects of [June] test disappeared en- 
tirely within four days. [Effects of January test lasted 
six days.] ^^ 

(Lq.) The stiffness and soreness had entirely dis- ^^M 
appeared in four days. They were not nearly so ^H 
severe as in the test in January. After I was through 
in January I could hardly go down the stairs of the 
Gymnasium, and three days after the test going up 
and down stairs was accompanied with a great deal of 
pain. I was stupid mentally for a whole week the first 
time, but in the last test I passed that stage in a couple 
of days. ^^M 

(Lw.) After the tests in January I could not ^^H 
straighten my arm, but I could after the last test [ia ^^M 

Kne] in spite of the extreme soreness, ^^| 

{M.) The stiffness and soreness were entirely ^^M 
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worn o9 in two days. I did not feel it nearly as much 
as I did last January, In fact, I did not exert myself 
to the utmost this last time because I had several 
examinations to take a day or two later. 

My experience has shown me that I was at my best 
in mind and body when I ate meat four times a week. 
I have tried both more and less and found the above 
to be the medium. I also found that I could do more 
when I had the largest meal at noon. 

(P.) I went into the second test with some trepi- 
dation, knowing that I had lost considerable weight 
the preceding ten weeks. Physically, I cannot say 
that I felt stronger before the second test than before 
the first; nor did I feel weaker. As the test developed, 
however, I soon saw that my endurance had increased. 

Generally speaking, the soreness was less extensive, 
less trying or acute, and (I think) shorter-lived than 
in January. 

I can ascribe gain in endurance to nothing but the 
diet and thorough mastication. Every other factor 
in the situation was against this gain— exercise, of 
which I took certainly no more than usual and in the 
latter weeks much less; work, of which I had had a 
long, hard pull as against the three weeks' rest pre- 
ceding the January test; sleep, much decreased for 
moat of May and June. You stated last December 
that you wished every factor to be in favor of tlie 
first test and against the second. This condition has 
been true in high degree for my case. 
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(R.) The outcome of the last endurance test was 
about the same as the one held January 14, igo6. I 
was fearfully sore for about one week, reaching the 
climax at the middle of the week. 

(T.) Throughout the test I passed from one event 
to another with much shorter periods between than I 
did in January. With the exception of lying on my 
back and raising my feet, I at no time approached as 
near exhaustion as I did in January. In January, in 
rising on my toes and in the deep knee-bending, I 
continued till I fell to the floor. I was not exhausted 
at the close |of the June test], but marked papers for 
2% hours before going to bed. 

(W.) May 31. After the test I felt fairly tired 
and ready to quit — however, not nearly so exhausted 
as before in January. 

June I. Sore in thighs and biceps, also felt my 
abdominal muscles. 

June 2. Expected to be much worse on this the 
second day, as in January, but not so. About same as 
yesterday. Later in the day could run upstairs two 

IKteps at a time as I could yesterday — a thing un- 
dceamed-of in January for over a week after the test. 
I The 1 
^ovenu 



ESTIMATED IMPROVEMENT IN 
ENDURANCE 

\ The following table expresses the percentage of im- 
)vement in the records of Table IV. 
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The table shows enormous differences in the figures 
even of the same man for the same period. Thus, the 
June improvement of W. reads 165 -j-, 26 +, 77, 170, 
115 dz, 100 +. Such wide differences between the 

figures indicate. Thus, the first entry in Table VI, "33+", 
means that B.'s improvement between January and March 
in test (i) (rising on toes) was moTe than 33%. Similarly, 
"bit — " for Lq. in same test means that improvement was less 
than 686%. Again, "2i5±" for M.'s same test signifies that 
his improvement in this test may have been greater or less 
than 315%. Finally, when any ligure is not followed by a 
sign, as toe instance, B.'s (3) ( leg -raising ) , the meaning is that 
the figure given is, humanly speaking, correct. This accuracy 
applies only to those tests in which the muscles were worked 
till they were physically unable to repeat the movement. The 
reasons tor the various sufExes may be found by studs^g the 
footnotes of Table IV. 

For instance, the "+" after 33 for B.'s (i> is explained by 
the fact {as indicated in the footnote to Table IV) that after 
his March test he was not as fatigued as after his January teat, 
although be had improved upon bis January record by 33%- 
The only rases in which the explanation of the su^es wiU not 
be found from the footnotes to Table IV are the following: 
E.'s (t), 36±, in which case the " — " is inserted owing to the 
fact that E. had come to the March test after the refreshment 
of a nap; and M.'s (i), io3i±, in which case the " — " is in- 
serted owing to the fact that this high figure is inconsistent 
with the other results of the test, it being thought that M. 
may have been mistaken in his remembrance of his January 
test. The " — " has been inserted whenever there was the 
slightest ground of any kind for thinking the figures might be 
overstatements. With these figures weeded out, the remaming 
ones certainly understate the actual improvement. 
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iin[>roveinents In different tests seem puzzling at first, 
but they are explained, partly if not wholly, by two 
causes. The first is the obvious one that many 
of the figures are not exact records, but understate- 
ments, and naturally their margin within the truth will 
vaiy widely. Thus, the records for deep knee-bending 
(a) for W. show merely that the improvement is over 
26%; the true figure may well be loo^fc, which would 
be more consistent with the other figures. But the 
deep knee-bending test had been found in January 
very painful and inconvenient in its after-effects, and 
there was therefore less inclination in the June tests 
to approach closely to the limit in this particular test. 

The other reason is that in some tests a larger frac- 
tion of the total strength of the muscle tested was 
called into play than in others. Thus, "leg-raising" 
requires a very large fraction of the strength of tbrd 
abdominal muscles, while "rising on toes" require 
only 3 small fraction of the strength of the calf mus-M 
cles. This may explain why, in general, the improveJ 
ment in the test of the calf muscles seemed so 
greater than in that of the abdominal muscles, 
explanation is, however, purely hypothetical. Iq 
would be interesting to find out experimentally hm 
much improvement in endurance is shown by a mus 
when the muscle is exerted in different degrees, say t 
7S%f 50% and 2$fo of its strength-capacity. 

Bearing in mind these two possible reasons for t 
variations in the figures, and also the fact that tha 



ON ENDURANCE 37 

must have been more or less actual differences in the 
improvement of different muscles, we need not be sur- 
prised at the disparities which the table shows. 

If we omit the cases in which the records are at all 
doubtful (with suffix +) or exaggerated (suffix — ), 
we have left the following table for the eight men who 
showed inq)rovement: 
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The figures of Table VII show an undoubted in- 
crease in endurance, both for the first half and more 
especially for the whole period of the experiment. 

But, for an accurate presentation, we may carry 
our criticism one stage further. The figures given 
hitherto represent a conglomerate sort of endurance, 
made up of endurance of different muscles subject to 
different degrees of strain. As pointed out before, the 
calf muscles were called upon for only a small fraction 
of their strength-caf)acity, whereas the abdominal 
muscles were called upon for a very large fraction. 
Moreover, the fraction must have varied somewhat in 
different tests, according to the variation in strength 
and weight. An ideal test would be one in which the 
same fraction of strength was used.^' 

Fortunately, such an exact test is afforded by the 

S5-lb. dumb-bell. It followed immediately after the 

SO-lb. dumb-bell had been raised until the biceps was 

unable to repeat the motion. At the moment the so-lb. 

test ended, the aj-lb. test began. At this moment the 

strength of the biceps was just at or barely below the 

fifty lbs. required to raise the heavier dumb-bell. In 

other words, in raising the 25-lb. dumb-bell the muscle 

needed just fifty per cent of its strength at the time 

. - the test began. The use of the 2S-lb. dumb-bell grad- 

■^H lially reduced this strength from 50 to 25 lbs. The 

^^K test was therefore perfectly uniform for all the men; 
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it showed how many contractions were necessary i 
each case to bring down the strength of the biceps 
from so to 2g; it showed how much the muscle could 
endure before being robbed, by fatigue, of half its 
strength. Thus, at the beginning, the strength is 50 
lbs.; after the first contraction, it is, say, 49; after the 
second, 48, etc. But the contractions continue until 
the strength sinks below 25 lbs. The loss of strength 
may be said to measure fatigue. The slowness of this 
loss may be said to measure endurance and is well 
indicated by the number of contractions necessary to 
tire a muscle from a strength of 50 lbs. to a strength 
of as lbs. 

Four exceptions, however, need to be noted. Three 
men, B., Lw. and P., were unable in January to raise 
the so-lb. dumb-bell at all (see Table V). For 
example, Lw. in January, unable to raise the so-lb. 
dumb-bell, raised the as-Ib. dumb-bell 6 times. The 
strength of his biceps at that time was less than 50 
lbs., say 40 lbs., in which case the lifting of the aj-lb. 
dumb-bell required not so% only but 62j^% of its 
strength. In June he couid raise the 50-lb. dumb-bell 
and after his biceps muscle was exhausted to that 
level, he raised the lighter dumb-bell 33 times. Thus 
Lw. is credited with an improvement of 4SO% because 
his record for the zs-lb. dumb-bell increased from 6 to 
33. But in June he started on his series with the 25- 
Ib. dumb-bell having available only sofo of the full 
strength of his bicef)s, whereas in January he started 
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on his series with the 25-lb, dumb-bell having avail- 
able 62^2 % of the full strength of his biceps. To com- 
pare a safe test of June with a 62j4% test in January 
gives a record of improvement which is not one of pure 
endurance, but which includes the element of increased 
strength. This is "endurance" in the crude sense in 
which we may say a man has more endurance for carry- 
ing trunks than a boy; but for a comparison of pure 
endurance, the boy should be given smaller trunks to 
, handle than the man. 

The fourth case is E., to whom the reverse reasoning 
applies. In June when he reached test 6, he was 
unable to raise the 50-lb. dumb-bell at all, though in 
January he had raised it once. Hence, while the 25- 
Ib. dumb-bell was a 50% test in January, it was a 
more severe one in June, and the — 4470 which records 
his falling off does not represent a pure loss in endur- 
ance, but partly also a loss of strength. 

Making the four omissions just mentioned, we may 
use the remaining records from the last line of Table 
VI, as a barometer of pure endurance. 

We therefore have three methods of estimating the 
increase of endurance between January and June. 
These may be put together in the following table: 
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e first line of this table tells us the average of the 
recorded improvement in endurance shown for each 
man. But as each such average is made up from the 
figures of Table VI, some of which, as indicated in 
that table, are possibly too high, some doubt neces- 
sarily attaches to it, though practically the only real 
cases of doubt are Lq. and M. The average of these 
averages is 101% for the entire club, and is probably 
within the truth; for most of the individual figures 
which go to make up this result are understatements, 
not overstatements. 

The second Ime shows the average improvement in 
tests in which there is no doubt that the figure is at 
least not too high, though it may be too low. The 
average of these is 89%, and is therefore certainly too 
low an estimate of the average improvement for the 
eight men who improved at all. 

The third line shows the increase of pure endurance 
(that is, endurance considered apart from strength) 
for the five men for whom the figures were available. 
The average of these is ii6fc. 

We are quite safe in saying therefore that the aver- 
age improvement of the eight men who improved was 
gofo. As to the degree of retrogression of E,, it is 
difficult to say, though it is believed that the figures 
exaggerate it. This is certainly true of the 2S-lb. 
dumb-bell test, for reasons given. My own impres- 
sion, and E.'s also, is that he actually gained in endur- 
ance from the dietetic experiment, but that his gain 
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was not enough to offset the loss occasioned by (i, 
the hard term's work, which, as in the case of the other 
men, was a decided handicap, and (2) the omission of 
his customary exercises. This must have been a 
greater handicap for him than for any of the other 
men, since he had been accustomed for six years to 
heavy gymnasium training. If this interpretation is 
correct, we may liken the experiment to nine men try- 
ing to swim against a current. The eight who exerted 
themselves the most succeeded in forging ahead; the 
one who tried the least drifted backward, though the 
effect of the swimming (dieting) was to propel him 
forward. Whether or not E, was actually propelled 
forward by diet must remain a matter of conjecture or 
inference; but that the other eight men gained is an 
established fact. 



SUMMARY ■ 

The phenomena observed during the experiment^ 
may be summarized as a slight reduction of total food 
consumed, a large reduction of the protein element, 
especially for flesh foods, a lessened excretion of nitro- 
gen, a reduction in the odor, putrefaction, fermenta- 
tion and quantity of the feces, a slight loss of weight, 
a slight loss of strength, an enormous increase of physi- 
cal endurance. These phenomena varied somewhat 
with different individuals, the variations correspond- 
ing in general to the varying degree in which the men 
adhered to the rules of the experiment. 
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That we are correct in ascribing the results, espe- 
cially in endurance, to dietetic causes alone, cannot 
reasonably be doubted when it is considered that no 
other factors of known significance were allowed to aid 
in this result. On the contrary, so far as the operation 
of other factors was concerned, these must have 
worked against rather than for the results achieved. 
Exercise was in no case indulged in to a greater extent 
than had previously been the custom, and in most 
cases it was less. The men were warned not to take 
up exercise beyond what they had been accustomed 
to before the experiment began, and if they varied their 
exercise at all, to lessen rather than increase it. They 
were very conscientious on this point, as on others, — 
so much so that some of them at first gave up exercis- 
ing until they began to feel "logy." This overzeal was 
corrected; but in no case have I reason to think that 
the exercise taken was more, or more systematic, than 
previously. M. was probably the most systematic in 
taking exercise. 

The men did not practice on the endurance tests 
between times. This was expressly forbidden, and the 
men were too trustworthy to admit of a doubt on this 
point. The tests themselves, needless to say, were too 
far apart to have given any chance for repetition to 
give "knack," and were too severe to count as bene- 
ficial exercise. 

Nor were the men more regular in their hoiu? of 
retiring or other habits. On the contrary, they were 
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rather more reckless in byraing the midnight oil. It 
developed that, with their increased freedom from 
fatigue, they indulged more freely than ever their pro- 
pensity to work in the lines of their respective ambi- 
tions. At first they felt justified in doing this, as it 
accorded with their instructions not to remove any 
handicaps to their chance of improving their endur- 
ance, but to increase rather than decrease such handi- 
caps. But this liberty became license, and I was 
forced to remonstrate with the men for their late hours 
and oversludy, which tended to rob them of their 
surplus endurance almost as fast as it accrued. Long 
before the experiment was finished the men had given 
every appearance of improved working power, but I 
was not at all sure that they would have any of it left 
to show in the final test, because of their tendency 
to use it up in work. It should be stated that all ex- 
cept M. were graduate students, and almost all of 
them, in addition to their university work, were earn- 
ing their own way. 

The advance of warm weather must have tended, 
had not their diet counteracted it, to tire the men, if, 
at least, we may trust common impressions as to 
"spring lassitude." 

Again, the conditions immediately preceding the 
March and June tests, as compared with those preced- 
ing the January test, were such as to give the advan- 
tage to the January test. The latter came soon after 
the Christmas holidays, when the men, as they them- 
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selves stated, felt refreshed and at their best, whereas 
the March test came just before the Easter recess, 
after a hard term's work, and the June tests came after , 
a like period of hard work, — in some cases, as of B. 
and R., immediately after exhausting examinations. 

Finally, the tests themselves were serious drains on 
vitality. Each required a period of from several days 
to two weeks for recuperation, and each robbed the 
men temporarily of several pounds of weight. 

When, therefore, we observe the known handicaps, 
— the overstudy, the strain of the tests, the advance 
of warm weather, the fact that the first test came after 
rest and the other tests after work, and when we are 
unable to find any other cause than diet — such as 
exercise, regularity of bedtime or other habits — we 
are forced to conclude that the only causes which pro- 
duced the endurance were dietetic. 

Possibly some persons may be disposed to find a 
convenient escape from this conclusion by ascribing 
the improvement to suggestion. Under this theory, 
the men improved because they expected to. It is 
quite true that there may be more force in autosugges- 
tion than most of us realize. But, fortunately, for the 
present case we scarcely need to argue the point; for 
as a matter of fact it was not true that all of the men 
ejtpected to improve. This was certainly not true 
before the March test. In fact, the men were about 
equally divided in their predictions as to the outcome, 
and used to have animated discussions. Yet, both 
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the confident and the skeptic faction improved in en>1 
durance in the March test; and so far as I am 
acquainted with their prognostications and have noted 
their improvement, there was little if any correlation 

», between those prognostications and their improve- 
^ ment. 
It is of course still possible that some unobserved 
element has crept into the case, to which, and not to 
the diet, the improvement in endurance was due; but 
in view of all tie facts recited, this is extremely 
improbable. What slight doubt remains should be 
resolved by further studies. I earnestly hopw that 
other and more careful studies may be made by more ^^ 
competent investigators than I. ^^M 

We conclude that the improvement in endurance' ^^M 
was exclusively due to dietetic causes. The only ^^ 
dietetic causes at work were ( i ) thorough mastication, 
(2) implicit obedience to appetite, (3) (during the 
second half of the experiment) when appetite did not 
clearly determine the choice, the voluntary selection of 
the non-flesh and low-protein foods, and (4) an ample 
variety of good foods, well cooked. 

If we allow ourselves to speculate as to the changes 
in the character of diet which were produced by 
thorough mastication, we may draw an inference from ^h 
the fact that the carnivorous animals are fast-eatera, ^^M 
whereas the grain-eating animals are slow-eaters. It J^H 
^u^ would seem, therefore, when man changes his habits -^^f 
^Bjl from fast eating to slow eating he naturally changes ^^M 

* J 
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his food from the food of a fast-eating to that of a 
slow-eating animal. The question, therefore, which is 
the natural food for man, may possibly be associated 
with the question, which of the two methods of eating 
is natural to man. Was the slow eating of the nine 
men an artificial and unnatural practice, as would be 
indicated from the fact that the majority of men eat 
far faster? Or, are the ordinary habits of man in 
respect to the manner of fast eating themselves un- 
natural? I have not attempted to gather the facts 
necessary to solve this problem, but it certainly con- 
stitutes an interesting one for the physiologist and 
anthropologist. The few facts upon which I have 
chanced to fall would seem to indicate that man is 
naturally a slow eater, and that the hurry-habit to 
which most of us are prone is a consequence of the 
artificial high pressure to which modem civilization 
has subjected us. Certain it is that the conditions 
which give rise to quick-lunch counters and to the 
short stops of trains for refreshments, were produced, 
not in order to meet any natural propensity to eat fast, 
but on the contrary, in the interest of the more rapid 
transaction of business, with which mealtimes are 
regarded as an interference. 

We may therefore at least conclude that whatever 
the speed of eating which is natural to the human 
animal, his actual speed under civilized conditions is 
greater than natural. It is noteworthy also that chU- 
dren are very deliberate in eating their cookies. It is 
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only after they are reproved for keeping their eiders 
waiting that they begin to imitate the latter and bolt 
their food. Dr. Higgins^*' and Dr. Hasse" have 
pointed out also some physiological considerations, 
based on the anatomy of the human throat compared 
with the throats of the carnivores and of "poltophagic" 
animals, which would indicate that man, to a large 
extent at least, is naturally a slow-eating animal. Dr. 
Harry CampbelF" has also given some evidence, based 
on a study of primitive tribes, to show that chewing 
is more thorough among uncivilized races, and that 
the hurry-habit to which we are accustomed is largely 
promoted by the use of prepared and "mushy" 
foods, — which, in fact, appear to have been devised 
expressly for the purpose of being quickly swallowed. 
The evidence, however, on the natural food-habits 
of man is as yet very meager, and it is only provision- 
ally that we may consider the thorough mastication 
advocated by Mr. Fletcher as "natural." With this 
reservation we may say that the experiment here 
described may be called an experiment in natural eat- 
ing, or an effort to restore a blunted or lost food- 
instinct, so that it may serve as a safe guide to the 
proper quantities and kinds of foods. If it be asked 

'8 See HumanicuituTe, N. ¥., Stokea, 1904. 

'* See Archiv fiif Anatoraie (Waldeyer's) 1503, p. 331. 

80 "Ot»ervations on Mastication," London Lancet, July 11, 
iS, as and Aug. S, IQ03. Reprinted in Horace Fletcher's The 
A. B.-Z. 0} Out Own Nutrition, Stokes, 1903. See pp. 116-135. 
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in what way this natural eating tended to improve 
endurance, whether it was because of the finer sub- 
division of food through mastication; the increased 
"insalivation"; the increased flow of "appetite juice"; 
the better adaptation of foods to the particular 
needs of the individual and the moment; the 
lessened quantity of food ; the lessened protein ; 
or the lessened amount of flesh foods, no satis- 
factory answer can be given, although, as the pre- 
vious discussion shows, there is more or less evidence 
on some of these points. There are certainly some 
very fascinating problems for the physiologist to solve 
in regard to fatigue as related to diet. Are the "fatigue 
poisons" due, for instance, chiefly to the combustion 
of protein in excess of the physiological needs, as the 
theory of Chittenden would explain them? Or, are 
they largely due to the ingestion of these poisons with 
flesh foods? 

While the results of the present experiment lean 
toward "vegetarianism," they are only incidentally 
related to that propaganda. Meat was by no means 
excluded; on the contrary, the subjects were urged 
to eat it if their appetite distinctly preferred it to 
other foods. 

rThe sudden and complete exclusion of meat is not 
always desirable, unless more skill and knowledge in 
food matters are employed than most persons possess. 
I the contrary, disaster has repeatedly overtaken 
iny who have made this attempt, Pavlov has shown 
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that meat is one of tbe most and perhaps the most 

stimulating of all foods to the production of gastric 
juice. Whether the stimulus is natural, or is an im- 
proper goad or whip, certain it is that stomachs which 
are accustomed to this daily whip have failed, for a 
time at least, to act when it was withdrawn. 

Nor is it necessary that meat should be permanently 
abjured, even when it ceases to become a daily neces- 
sity. The safer course, at least, is to indulge the crav- 
ing whenever one is "meat hungry," even if, as in 
many cases, this be not oftener than once in several 
months. The rule of selection employed in the experi- 
ment was merely to give the benefit oj the doubt to 
the non-flesh food; but even a slight preference i<x, 
flesh foods was to be followed. 

Under flesh foods are included all meat- and 
"stock-" soups. It has been shown that although these 
extracts of meat contain a large amount of nitrogen, 
it is not in the form of protein which can be utilized, 
but only of waste nitrogen which must be excreted. 
Apparently the sole virtue of such soups is that they 
supply the gastric stimulus above referred to. 

Experience indicates that appetite does not lead to 
a diet fixed in amount or constituents, but moves in 
undulating waves or cycles. The men who took part 
in the experiment were encouraged, after any of the 
symptoms which seemed to be associated with high 
protein (such as heaviness, sleepiness, stiffness or sore- 
ness after exercise, or catching cold), to cut down on 
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their protein and substitute fat to restrain the gastric 
juice. This advice was intended to make application 
of the theories of Folin" that we usually carry a reser- 
voir of protem, enough to supply our needs for body- 
building for a fortnight. If this reservoir is exhausted, 
protein starvation occurs and the body feeds on itself; 
if it is filled too far it overflows and causes the evils of 
excessive protein. If this theory is correct, the art of 
eating may consist largely in maintaining a golden 
mean such that the protein reservoir is neither empty 
nor overflowing, or at any rate, not overflowing much. 
Many persons fear to reduce their protein to the Chit- 
tenden minimum for fear of protein starvation; but 
the experience of those who have tried it would seem 
to show that this fear is groundless, provided no vio- 
lence is done to natural appetite. This may be trusted, 
so it would appear, to raise a warning in the form of 
"nitrogen hunger" before the danger point is reached. 
The experiment will be seen to harmonize with and 
supplement the experiment of Professor Chittenden, 
on which it was founded; but the objects of the two 
experiments were quite different. Professor Chitten- 
den's was aimed to ascertain the physiological require- 
ments as to protein, and did not touch upon the ques- 
Ilion of endurance. Moreover, Professor Chittenden, 
in order the better to measure the protein and nitrogen, 
artificially reduced the quantities ingested, whereas 
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expenment, test n 
Fletcher's claim, that thorough mastication leads 
naturally to the adoption of the physiological amount 
of protein. This we found to be true, especially after 
the introduction, at the middle of the test, of the sug- 
gestion that when appetite was in doubt, the lower 
protein foods should be selected. But the tendency 
was quite marked during the first period also, and. j 
might have been expected to lead to the same results 1 
without the introduction of even the suggestion of vol- 
untary choice, had the experiment been long enough. 
This was the experience of others, notably Mr. 
Fletcher himself, whose case, in fact, first called Pro- i 
fessor Chittenden's attention to the possible virtueal 
of low protein. 1 

The practical value of the experiment consists in 
the fact that any layman can apply it, with or without 
a knowledge of food values, though with more advan- 
tage if he possesses than if he lacks such knowledge. 

If the dietetic rules of the present experiment are I 
followed, no self-denial as to foods is required. It i 
however, absolutely necessary that there should be I 
self-control enough to break up the habit of hurried \ 
eating to which modem civilization has brought us, j 
habituating us, as it does, to eat against time. 

The war now makes it necessary that we in America J 
shall make radical changes in our customary diet, j" 
"Food will win the war," and so we are endeavoring! 
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to conserve food. At the same time the Nation 
demands of every one his best service. 

But the question is being asked: Is it possible to 
keep up the highest efficiency on a reduced diet? Ex- 
periments such as the one described in this article give 
a reassuring answer. They tend to reinforce the Food 
Administration's dictum, ''Eat less, feel better, look 
better, help win the war." By breaking our un- 
hygienic and even unnatiu*al food habits we shall be 
led, almost by free choice, to conserve food and, at the 
same time, gain in endiu^nce. In a rough and ready 
way, the Nation is now, on a great scale, putting to 
the proof the contentions of this book. 
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